A 3D-CRT involving a 4-field (5-field, 6-field, etc.) technique (photon and electron beams) and an alternative IMRT 7-field technique with 6 MV photon fields for thyroid cancer were compared. The IMRT allows reduction in the dose to the spinal cord of about 12 Gy and permits better coverage of the target volume with smaller standard deviation (average 4.65% for 3D-CRT as compared with 1.81% for IMRT). The time needed to prepare therapy (TPS, dosimetry, preparing boluses and electron aperture) and the session time are about the same for both techniques.
Introduction
At the Maria Sklodowska-Curie Memorial Cancer Centre in Warsaw, a 3D-CRT involving a 4-field (5-field, 6-field, etc.) technique (photon and electron beams) [1] is often used in the treatment of thyroid cancer. This results in a high dose to the spinal cord, which limits the total dose. An IMRT technique was investigated as an alternative for this tumour location.
Material
Radiotherapy plans for 10 patients were examined and compared. Physicians outlined PTV and boost volumes on CT slices. Patients received 3D-CRT treatment in two courses. In the first one, 2 Gy (50 Gy prescribed to PTV) was delivered in 25 fractions.
Boost fields were designed to irradiate the boost volume of about 5 fractions with a 2 Gy fraction dose (prescribed to the boost volume). In order to compare the techniques, plans were analysed for the first course of treatment. It has to be mentioned that the dose to the spinal cord (which should be less than 45 Gy) often limits requirements for PTV (85% and 110% of prescribed dose are accepted as minimum and maximum doses in PTV). On the other hand, IMRT plans were examined according to ICRU 67 recommendations (minimum dose of 95% and maximum dose of 107% of the prescribed dose).
Methods
The 3D-CRT plans were generated on Helax TPS, and IMRT plans were prepared on Eclipse TPS (with a Helios optimization module). A sliding window technique for delivering IMRT plans was used. IMRT plans were made with the same geometry. A 7-field technique with 6 MV photon fields was used (beam geometry: 204°, 256°, 308°, 0°, 52°, 104°, 156°and collimator: 3°).
Plans were compared for selected CT slices. The following statistics were used: minimum and maximum doses, a standard deviation and DVH. A TCI C + (Uncomplicated Target Conformity Index for Comparing Plans) methodology was also used [2] [3] [4] (see Equation 1 ).
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where: normal tissues (the spinal cord and the whole patient body were considered). The time needed for plan preparation (including treatment planning and dosimetric verification) and the time for delivering the dose during one radiation session were also compared.
Results
The comparison of particular CT slices provides us with information about a better dose coverage of the target in IMRT plans. The dose distribution better fits the target volume, and the spinal cord is also better spared ( Figure 1 ). On the other hand, the lower part of the target often receives a lower dose in the IMRT plan (the volume receiving a 100% of dose is smaller (Figure 2) ).
The dose statistics for PTV are presented in Table 1 . The minimum dose for PTV in IMRT plans is 87% on average, as compared with 81% for 3D-CRT. The maximum dose for PTV is smaller in IMRT (105% on average) than that in 3D-CRT (110% on average).
Standard deviation of the dose delivered to PTV in 3D-CRT is, on average, 2.6 times higher than that in IMRT plans (Figure 3) .
Although only the first course of treatment was taken into consideration we also compared dose distributions in the boost volume ( Table 2 ). The minimum dose in boost is, on average, higher for IMRT plans (93% compared with 88%). The maximum dose in boost is, on average, smaller for IMRT plans (104% as compared with 107%). The standard deviation of the dose distribution in the boost volume in 3D-CRT is, on average, 3 times higher than that in IMRT plans ( Figure 4) . The spinal cord receives 1.4 times higher dose in 3D-CRT plans. This corresponds to the difference of about 1160 cGy on average (Table 3 and Figure 5 ). TCI-PN for IMRT is equal to 0.99 on average, and only 0.39 for 3D-CRT (Table 4) . It means that the dose distribution in IMRT plans is definitely better adjusted to the target volume than that in 3D-CRT plans. The average time needed to prepare a plan is 5 hours for 3D-CRT and 1.5 hour for IMRT. The whole time for preparing therapy also includes dosimetry verification for IMRT and creating individual bolus for 3D-CRT. During therapy sessions, IMRT needs 1.55 times more MU (Table 5 ). This is due to the longer time of treatment. In fact, during therapy with the 3D-CRT plan technicians have to change wedges, set electron aperture and change the technique from isocentric to SSD, when the electron field is irradiated. All this requires additional time and as such is time consuming. That is why we can say that session time is almost the same for both techniques.
Discussion
The IMRT allows reduction of the dose to the spinal cord and better coverage of the target volume. It fulfils the ICRU 67 recommendations, which is not the case for 3D-CRT plans.
On the other hand, during IMRT treatment small doses are delivered to a substantially larger volume of the whole body.
Creating a 3D-CRT plan is quite time-consuming (for each patient, the planner has to define specific gantry angles and design an individual bolus for electrons). For the IMRT technique, template gantry angles can be used. IMRT requires more complex dosimetric verification, but 3D-CRT requires individual bolus to be made. IMRT is an isocentric technique which requires more MUs. 3D-CRT is a combination of isocentric photon beams with a fixed SSD electron beam technique. During 3D-CRT, technicians often have to change wedges. Therefore, the session time is about the same for both techniques. Additionally, IMRT gives the opportunity to use a simultaneous integrated boost (SIB) radiotherapy, which would reduce the number of sessions.
Conclusions
IMRT seems to provide the opportunity to deliver a more uniform dose into the target volume over a smaller number of sessions. Also in the IMRT treatment, the spinal cord receives a smaller maximum dose. The IMRT technique's apparent superiority to 3D-CRT encourages its further development.
